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Background: Colorectal cancer (CRC) is a common human malignancy. The aims of this
study are to investigate the gene expression profile of CRC and to explore potential strategy
for CRC diagnosis, therapy and prognosis.

Methods: We use affy and Limma package of Bioconductor R to do differential expression
genes (DEGs) and differential expression IncRNAs (DELs) analysis from the gene datasets
(GSE8671, GSE21510, GSE32323, GSE39582 and TCGA) respectively. Then, DEGs were
analyzed by GO and KEGG pathway and Kaplan-Meier survival curve and Cox regression
analyses were used to find aberrantly expressed genes associated with survival outcome of
CRC patients. Real-time PCR assay was used to verify the aberrantly expressed genes
expression in CRC samples.

Results: 306 up-regulation and 213 down-regulation common DEGs were found. A total of
485 DELs were identified, of which 241 up-regulated and 244 down-regulated. Then, GO
and KEGG pathway analyses showed that DEGs were involved in cell cycle, mineral
absorption, DNA replication, and Nitrogen metabolism. Among them, Kaplan-Meier survival
curve and Cox regression analyses revealed that CDC6, CDC45, ORC6 and SNHG7 levels
were significantly associated with survival outcome of CRC patients. Finally, real-time PCR
assay was used to verify that the CDC6, CDC45, ORC6 and SNHG7 expression were up-
regulated in 198 CRC samples compared with the expression levels in individual-matched
adjacent mucosa samples.

Conclusion: CDC6, CDC45, ORC6 and SNHG7 are implicated in CRC initiation and
progression and could be explored as potential diagnosis, therapy and prognosis targets for
CRC.
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Background
Colorectal cancer (CRC) is one of the most frequently diagnosed cancer and
a leading cause of cancer-related mortality worldwide, with approximately
1.4 million cases and 693,900 deaths in 2012.! Risk factors for colorectal cancer
can be divided into two aspects: Non-modifiable risk factors and Modifiable risk
factors.” Main non-modifiable risk factors are age, sex, ethnicity, family history,
hereditary syndrome, prior adenomatous or sessile serrated polyp, inflammatory
bowel disease, diabetes mellitus and BRCA mutations.>® Unhealthy lifestyles,
including consuming red and processed meat, obesity, smoking and alcohol con-
sumption, are main modifiable risk factors.”*

The stage of the patient at the time of diagnosis is one of the most important
factors affecting the prognosis of patients with colorectal cancer. In the United
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States, localized stage CRC is diagnosed in 39% of
patients, for which the 5-year survival rate is 90%. The
survival rate declines to 71% and 14% for patients diag-
nosed with regional and distant-stage disease,
respectively.” Although advances in surgical techniques
and adjuvant chemotherapies have improved the clinical
outcomes in recent years, the prognosis of advanced-
staged patients remains frustrating.® Therefore, the study
of the mechanisms of colorectal cancer is essential. It is
urgent to find potential strategy for CRC diagnosis and
prognosis.

With the advancement of technologies, genome-wide
molecular profiling has been used to screen and identify
key genes in several cancer.”® In this study, we aimed to
identify differentially messenger RNAs (mRNAs) and
expressed IncRNAs in CRC by analyzing GEO and
TCGA database. 519 common differential expression
genes (DEGs) were detected from four GEO datasets and
485 differential IncRNAs (DELs) were

screened from TCGA. To provide novel information

expression

about molecular mechanisms and functional roles of
mRNAs, we sent DEGs to DAVID database (https://
david.ncifcrf.gov/) to perform the Gene Ontology (GO)
and pathway analysis. Further analysis revealed that cell
division cycle (CDC) 6, CDC45, origin recognition com-
plex (ORC) 6 and small nucleolar RNA host gene (SNHG)
7 were significantly upregulated in malignant tissues and
associated with survival outcome of colorectal cancer
patients by Kaplan-Meier survival curve and Cox regres-
sion analyses. And we chose these four genes to verify the
analysis results in 199 paired colorectal cancer tissues.
These results suggest that CDC6, CDC45, ORC6 and
SNHG7 might be associated with CRC, and serve as
potential strategy for CRC diagnosis and prognosis.

Methods
Colorectal Cancer Datasets
The discovery datasets GSE8671,° GSE21510,"

GSE32323"" and GSE39582'> were downloaded from
the GEO. A total of 738 CRC samples and 93 non-
cancer samples were selected from four gene expression
datasets (25 normal samples and 123 cancer samples in
GSE21510 from Japan, 32 pairs in GSE8671 from
Switzerland, 17 pairs in GSE32323 from Japan and 19
normal samples and 566 cancer samples plus clinical
information in GSE39582 from France). These gene
expression datasets are based on Affymetrix Human

Genome U133 Plus 2.0 Array platform (Affymetrix Inc.,
Santa Clara, CA, USA). The validation dataset plus clin-
ical information was obtained from the TCGA data portal.
The dataset included 622 tumor and 51 non-tumor sam-
ples. The datasets GSE 39582 and TCGA with information
on clinical features were used to perform the correlation
analysis and survival analysis.

Identification of DEGs

The raw data of GSE8671, GSE21510, GSE32323, GSE39582
and TCGA were separately preprocessed by affy package of
Bioconductor R (http://www.bioconductororg/packages/

release/bioc/html/affy.html). Expression values were achieved

after background correction, quantile normalization, and the
summarization of probe set values into one expression
measure.'*'* The DEG analysis between tumor and non-
tumor samples of the GSE8671, GSE21510, GSE32323, and
GSE39582 datasets and the DELs between tumor and non-
tumor of TCGA dataset were performed with the Limma
package of Bioconductor R (http://www.bioconductor.org/
packages/release/bioc/html/limma.html). The DEGs and
DELs were selected under [log2 fold change (FC)| > 1 and
P < 0.05 criteria. Visualization of the identified DEGs and
DELs including volcano plot and venn diagram was performed

with ggplot2 (http://ggplot2.org/) and VennDiagram packages
of R, respectively.'?

GO and Pathway Enrichment Analysis of
DEGs

GO is a framework that provides consistent and structured
descriptions of the attributes of genes and gene products for
the computational analysis of various biological systems. It
covers three aspects of biology: molecular function, biolo-
gical process and cellular component.'®'” Pathway analysis
is a popular method for more detailed and specific analysis
of microarray data.'®!” DAVID (Database for Annotation,
Visualization and Integrated Discovery) (http://david.abcc.
ncifcrf.gov/)*” is a publicly available high-throughput func-
tional annotation tool that aim to provide functional inter-
pretation of large lists of genes derived from genomic
studies. DAVID database was used to perform GO function
and pathway analysis of the common DEGs,*' using
p-Value < 0.05 and count > 2 as cut-off point criteria.

Patients and Tissue Specimens
CRC tissue specimens were obtained from 198 diagnosed
CRC patients who underwent resection without preoperative
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chemotherapy or radiotherapy at Xiangya Hospital between
2014 and 2017. The adjacent mucosa samples were acquired
3-5cm away from the tumor. After excision, tissue samples
were immediately frozen in liquid nitrogen and stored at
—80°C until RNA extraction. The clinical-pathological data
were assembled according to the classification of the
Network  Practice

Guidelines for Colon Cancer and Rectal Cancer (Version

National Comprehensive Cancer
2018). The study was approved by the Institutional Review
Board of Department of Xiangya Hospital, Central South
University (protocol # 2018071040). All patients provided
written informed consent and the study was conducted in

accordance with the Declaration of Helsinki.

RNA lIsolation, Reverse Transcription and
Real-Time PCR

Tissue specimens were added with TRIzol reagent
(Takara) to extract the total RNA.>? After checking the
RNA concentration and quality, 1~4pg of RNA was
reverse transcribed into ¢cDNA in a final volume of
20 pL with GoScript 1st Strand complementary DNA
Synthesis kit (Promega). Quantitative real-time polymer-
ase chain reaction (QRT-PCR) was performed to detect
genes expression by using SYBR Premix Dimer Eraser

kit (Takara) on LightCycler® 480 system (Roche
Diagnostics) according to the manufacturer’s protocol,
and the cycling conditions were as follows: an initial
30 s denaturation at 95°C and 45 cycles (5 s at 95°C,
30 s at 55°C and 30 s at 72°C). The results were normal-
ized to the expression of PPIA and B2M.>* The primer
sequences are shown in Supplementary Table 1. The rela-

tive expression of CDC6, CDC45, ORC6 and IncRNA
y~ACt

SNHG7 was calculated and normalized using the
method relative to PPIA and B2M.

Statistical Analysis

SPSS version 18.0 (IBM Corporation) was performed to
statistical analyses and GraphPad Prism 5.0 software
(GraphPad Software Inc) was used for graphing and ana-
lysis. The differences between 2 groups were analyzed
with the Student’s rtest and y” test, as appropriate.
P-values less than 0.05 were considered statistically sig-
nificant. Survival analysis was performed using the
Kaplan—Meier method with the log-rank test used to com-
pare the differences between patient groups. The risk
association of gene and IncRNA expressions with several
known clinicopathological factors was determined using
univariate and multivariate Cox regression analysis.
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Figure | Identification of DEGs and DELs between tumor and non-tumor samples.
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Notes: (A-D) Volcano plot of the DEGs for datasets GSE8671, 560 up-regulated and 704 down-regulated genes (A); GSE2151, consisting of 1817 up-regulated and 1217
down-regulated genes (B); GSE32323, consisting of 1950 up-regulated and 518 down-regulated genes (C); and GSE39582, consisting of 1332 up-regulated and 785 down-
regulated (D). X-axis: log2 fold change; Y-axis: -log 10 (P-value) for each probe; vertical-dotted lines: fold change 2 2 or < 2; horizontal-dotted line: the significance cut off
(P-value = 0.05). (E-F) Venn diagrams of the overlapping DEGs between different datasets, including 306 significantly up-regulated genes (E) and significantly down-regulated
213 genes (F). (G) Volcano plots of the DELs, consisting of 24| up-regulated and 244 down-regulated IncRNAs.
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Results
Identification of DEGs and DELs

By applying bioinformatics analysis, we investigated DEGs
between CRC and non-cancer samples of the GEO dataset
(GSE8671, GSE21510, GSE32323 and GSE39582). Analysis
results showed 560 up-regulated and 704 down-regulated
DEGs in GSE8671 (Figure 1A), 1817 up-regulated and 1217
down-regulated DEGs in GSE21510 (Figure 1B), 1950 up-
regulated and 518 down-regulated DEGs in GSE32323
(Figure 1C), and 1332 up-regulated and 785 down-regulated
DEGs in GSE39582 (Figure 1D). Further analysis revealed
519 common DEGs in the four datasets, consisting of 306 up-
regulated and 213 down-regulated genes (Figure 1E and F).
Next, we investigated the DELs between 622 CRC and 55
normal samples of the TCGA RNA-seq dataset. Based on the
cut-off point (p-Value < 0.05 and count > 2), we found a total
of 485 DELs, including 241 up-regulated and 244 down-
regulated (Figure 1G).

Functional Enrichment Analysis of DEGs

GO analysis was performed to determine biological func-
tions of the 519 DEGs. According to the GO analysis,
DEGs were enriched in biological process, mainly
involved in cell division (p=4.11E-15) and mitotic
nuclear division (p=9.67E-15). Genes associated with
molecular function were mainly related to protein bind-
ing (p=5.39E-06) and chemokine activity (p=4.20E-05).
In cellular components, spindle pole (p=6.25E-06) and
condensed chromosome kinetochore (p=9.20E-06) were
the top two GO terms (Figure 2A—C and Table 1). KEGG
(Kyoto Encyclopedia of Genes and Genomes) pathway
analysis revealed that DEGs mainly participated in seven
KEGG pathways: cell cycle (p=6.82E-10), mineral
absorption (p=6.14E-05), DNA replication (p=6.66E-
04), nitrogen metabolism (p=0.0014), proximal tubule

Cellular component

A Biological process B

Count
.
o
®
o

Fold Envichment Fold Envichment

Figure 2 GO and KEGG pathway enrichment analysis of the DEGs.

bicarbonate reclamation (p=0.031), hematopoietic cell
lineage (p=0.044) and ribosome biogenesis in eukaryotes
(p=0.048) (Figure 2D and Table 2).

The Expression of CDC6, CDCA45,
ORC6 and IncRNA SNHGY7 in Colorectal

Cancer Datasets

We chose the genes CDC6, CDC45, ORC6 and IncRNA
SNHG7 for further study due to their important role in func-
tional analysis and their prognostic value (Figure 3) in CRC
patients. Analysis of the four GEO datasets revealed that
CDC6, CDC45 and ORC6 were overexpressed in CRC tissues
compared to non-cancerous tissues (Figure 4). Further analysis
was found that CDC6 and CDC45 might be associated with
TNM stage, lymph node metastasis and distant metastasis
(Table 3). And the expression of ORC6 was associated with
invasion depth (Table 3). High expression of CDC6, CDC45
and ORC6 in CRC tissues was further confirmed by analysis
of a TCGA database with 622 CRC tissues and 51 non-
cancerous tissues (Figure 5). At the same time, we found
that IncRNA SNHG7 was also highly expressed in CRC
tissues compared to non-tumor tissues in the TCGA dataset
(Figure 5). However, we have not found the connection
between the SNHG7 and TNM stage, invasion depth, lymph
node metastasis and distant metastasis (Table 4).

CDCé6, CDC45, ORC6 and IncRNA
SNHG?7 Expression as Prognostic
Indicators for Colorectal Cancer

Next, we evaluated the correlation between the DEGs and
DELs expression and CRC patient’s prognosis by Kaplan-
Meier survival analysis in the GSE39582 and TCGA data-
sets. Patients were divided into high expression and low
expression groups based on the mean value of expression.

N ;

Notes: (A-C) illustrate the top 10 elements significantly enriched in the three GO categories: biological process (A), cellular component (B) and molecular function (C).
(D) shows the top seven functional network/pathways associated with these DEGs through KEGG analysis with a p value of less than 0.05. Count in the X-axis represents

the number of genes enriched in the network or pathway.
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Table 1 GO Analysis of DEGs Between Paired Tumor and Non-Tumor Sample
Category Term/Gene Function Count % P value
GOTERM_BP_DIRECT GO:0051301~cell division 42 8.25 4.11E-15
GOTERM_BP_DIRECT GO:0007067~mitotic nuclear division 35 6.88 9.67E-15
GOTERM_BP_DIRECT GO:0000082~G /S transition of mitotic cell cycle 19 3.73 3.17E-10
GOTERM_BP_DIRECT GO:0007052~mitotic spindle organization 9 1.77 1.06E-06
GOTERM_BP_DIRECT GO:0007059~chromosome segregation 12 236 2.26E-06
GOTERM_BP_DIRECT GO:0008283~cell proliferation 28 5.50 3.56E-06
GOTERM_BP_DIRECT GO:0006260~DNA replication 17 3.34 5.94E-06
GOTERM_BP_DIRECT GO:0006730~one-carbon metabolic process 8 1.57 1.34E-05
GOTERM_BP_DIRECT DNA replication initiation 8 1.57 2.1 1E-05
GOTERM_BP_DIRECT GO:0000086~G2/M transition of mitotic cell cycle 15 2.95 2.53E-05
GOTERM_CC_DIRECT GO:0000922~spindle pole 14 2.55 6.25E-06
GOTERM_CC_DIRECT GO:0000776~kinetochore 12 2.75 9.20E-06
GOTERM_CC_DIRECT GO:0000777~condensed chromosome kinetochore 13 2.36 3.06E-06
GOTERM_CC_DIRECT GO:0005819~spindle 14 2.75 1.97E-05
GOTERM_CC_DIRECT GO:0030496~midbody 14 2.75 3.89E-05
GOTERM_CC_DIRECT GO:0005654~nucleoplasm 105 20.62 1.33E-04
GOTERM_CC_DIRECT GO:00056 | 5~extracellular space 57 11.20 5.22E-04
GOTERM_CC_DIRECT GO:0000775~chromosome, centromeric region 8 1.57 7.40E-04
GOTERM_CC_DIRECT GO:0000940~condensed chromosome outer kinetochore 4 0.79 9.38E-04
GOTERM_CC_DIRECT GO:0005876~spindle microtubule 7 1.38 0.001009
GOTERM_MF_DIRECT GO:0005515~protein binding 282 55.40 5.39E-06
GOTERM_MF_DIRECT GO:0008009~chemokine activity 9 1.77 4.20E-05
GOTERM_MF_DIRECT GO:0004089~carbonate dehydratase activity 5 0.98 4.07E-04
GOTERM_MF_DIRECT GO:0045236~CXCR chemokine receptor binding 4 0.79 0.001411
GOTERM_MF_DIRECT GO:0003688~DNA replication origin binding 4 0.79 0.002664
GOTERM_MF_DIRECT GO:0003678~DNA helicase activity 5 0.98 0.003495
GOTERM_MF_DIRECT GO:0005179~hormone activity 9 1.77 0.003657
GOTERM_MF_DIRECT GO:0016491~oxidoreductase activity 13 2.55 0.007638
GOTERM_MF_DIRECT GO:00080 | 7~microtubule binding 13 2.55 0.010269
GOTERM_MF_DIRECT GO:0003697~single-stranded DNA binding 8 1.58 0.012249
Table 2 Pathway Analysis of DEGs Between Paired Tumor and Non-Tumor Samples
Pathway Count | Term/Gene Function % P value
hsa04110: Cell cycle 21 CDCé, CDKI, DBF4, TTK, CHEK I, CDC20, PTTGI, 4.13 6.82E-10
MCM2, CDK4, MCM3, CDC25B, CCNBI, CDC45,
MAD2LI, MCM7, CDKN2B, BUBIB, ORCé6, MAD2L2,
MYC, CCNA2
hsa04978: Mineral absorption 9 SLC26A3, TRPM6, MTIM, MT2A, CYBRDI, MTIE, 1.77 6.14E-05
MTIH, MTIX, MTIF
hsa03030: DNA replication 7 PRIMI, RFC4, MCM7, MCM2, MCM3, RNASEH2A, FENI | 1.38 6.66E-04
hsa00910: Nitrogen metabolism 5 CAIl2, CA7, CA4, CA2, CAI 0.98 0.001445
hsa04964: Proximal tubule bicarbonate reclamation | 4 CA4, CA2, SLC4A4, PCKI 0.79 0.031313
hsa04640: Hematopoietic cell lineage 7 ILIR2, CR2, CD44, MS4Al, ITGA2, IL6R, CDID 1.38 0.044065
hsa03008: Ribosome biogenesis in eukaryotes 7 WDR75, RAN, NOBI, RIOKI, WDR43, RBM28, RPP40 | 1.38 0.048443
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Table 3 Relationship of the Expression Levels of CDC6, CDC45, ORC6 and CRC Clinicopathologic Characteristics in GSE39582

Dataset

Characteristics CDCé P-value CDC45 P-value ORC6 P-value

Invasion depth 0.280 0.173 0.003
TI, T2 60 6.429+0.133 6.770+0.077 8.208+0.083
T3, T4 486 6.275+0.047 6.656+0.031 7.938+0.028

Lymph node metastasis < 0.001 < 0.001 0.902
NO 302 6.457+0.059 6.791+0.038 7.967+0.035
NI, N2 238 6.101£0.067 6.531+0.045 7.97310.042

Distant metastasis 0.001 < 0.001 0.727
MO 482 6.344+0.047 6.709+0.031 7.969+0.028
MI 6l 5.870+0.132 6.337+0.082 7.938+0.084

TNM stage < 0.001 < 0.001 0.788
L1l 301 6.456+0.059 6.785+0.037 7.965+0.035
i, v 265 6.052+0.064 6.503+0.042 7.950+0.040

As shown in Figure 6, in CRC samples of GSE39582,
patients with CDC6, CDC45 or ORC6 low expression in
the tumor samples had significantly worse relapse-free sur-
vival (RFS) (P<0.001, hazard ratio 2.555, 95% CI:
1.775-3.678 for CDC6, Figure 6A; P <0.001, hazard ratio:
1.916, 95% CIL: 1.380-2.659 for CDC45, Figure 6B;
P =0.0168, hazard ratio: 1.490, 95% CI: 1.074-2.067 for
ORC6, Figure 6C) and overall survival (OS) (P=0.0033,
hazard ratio 1.543, 95% CI: 1.155-2.061 for CDC6, Figure
6D; P =10.0459, hazard ratio: 1.341, 95% CI: 1.005—1.788 for
CDC45, Figure 6E) based on a 250 days follow-up. We
further analyzed the associations of CDC6, CDC45 and
ORC6 expression with OS and relapse-free survival (RFS)
in the TCGA dataset. As shown in Figure 3, patients with
either a low CDC6 or a low CDC45 expression had signifi-
cantly poorer OS and earlier recurrence. However, there was
no significant association between ORC6 expression and the
OS and RFS of CRC samples in TCGA (P >0.05,
Supplementary Figure 1). Meanwhile, we found that the

20

CDC6 expression
CDC45 expression

TCGA
C

OS of CRC patients with high IncRNA SNHG7 expression
was significantly worse than that with low IncRNA SNHG7
expression (Figure 3E).

Moreover, univariate Cox regression analysis of RFS of
the CRC cases in GSE39582 showed that low CDC6, CDC45
or ORC6 expression (P <0.001), TNM stage (I/II vs. II/IV;
P <0.001), lymph node metastasis (NO, N1/N2), as well as
depth of tumor invasion (T1/T2, T3/T4) were risk factors that
affect prognosis (Table 5). Subsequent multivariate analysis
revealed that low CDC6, CDC45, and ORC6 expressions
were the independent prognosis factors affecting RFS of
CRC patients, in addition to TNM stage, lymph node metas-
tasis, and tumor invasion depth. Furthermore, multivariate
analyses of CRC samples within TCGA indicated that
SNHG?7 expression, distant metastasis, and TNM stage were
three independent prognostic risk factors affecting the OS of
patients with CRC (Table 6). These data indicated that upre-
gulated SNHG7 and down-regulated CDC6, CDC45 and
ORC6 could to predict prognosis in CRC patients.
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Figure 5 The expression of CDC6 (A), CDC45 (B), ORC6 (C), and IncRNA SNHG7 (D) in TCGA dataset.

Note: ***P<0.001.
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Table 4 Relationship of the Expression Levels of CDC6, CDC4S5,
ORC6 and CRC Clinicopathologic Characteristics in TCGA

Characteristics SNHG7 P-value
Invasion depth 0.154
TI, T2 126 9.865+0.534
T3, T4 492 10.731£0.274
Lymph node metastasis 0.124
NO 351 10.231£0.319
NI, N2 265 11.00+£0.380
Distant metastasis 0.804
MO 465 10.70+0.285
MlI 87 10.87+£0.604
TNM stage 0.141
I, 1 346 10.254£0.330
I, v 268 10.9740.366

Real-Time PCR Validation of DEGs and
DEL

In order to verify the DEGs of the analysis, we performed
RT-PCR of CDC6, CDC45, ORC6, and SNHG7 in 198
paired CRC and adjacent mucosa samples. CDC6, CDC45,
ORC6, and SNHG7 expression levels in cancer samples
were significantly higher than those in non-cancer
samples (CDC6, P<0.0001, Figure 7A; CDC45, P<0.0001,
Figure 7B; ORC6, P<0.0001, Figure 7C; SNHG7, P<0.0001,
Figure 7D). Subsequently, we explored the correlation of

CDC6, CDC45, ORC6, and SNHG7 expression levels with
the clinicopathological factors in CRC patients. As shown in
Figure 8, the CDC6 expression level was remarkably corre-
lated with T stage, N stage, and TNM stage (Figure 8A); the
CDC45 level was significantly associated with T stage and
TNM stage (Figure 8B); the ORC6 level was remarkably
correlated with N stage (Figure 8C); and the SNHG7 level
was significantly associated with M stage (Figure 8D). In
addition, a positive correlation between the IncRNA SNHG7
level and the CDC6/CDC45/0ORC6 levels was observed in
CRC tissues (Figure 9).

Diagnostic Performance of mRNA and
IncRNA Levels for the Differentiation of

CRC Patients from Healthy Controls

The potential diagnostic utility of SNHG7, CDC6, CDC45
and ORCS6 to differentiate between CRC and benign dis-
ease was assessed through generating a receiver operating
characteristic (ROC) curve for SNHG7, CDC6, CDC45
and ORC6 expression. We found that the ROC area
under curve (AUC) of the SNHG7 was 0.84 (95% con-
fidence interval (CI): 0.81-0.88); the CDC6 was 0.88
(95% CI: 0.84-0.91); the CDC45 was 0.82 (95% CI: 0.-
78-0.86); the ORC6 was 0.85 (95% CI, 082-0.89)
(Figure 10). However, we do not have serum sample to
verify our point, considerable work needs to be done.
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Figure 6 Kaplan-Meier survival curves by different levels of CDC6, CDC45 and ORC6 expression in GSE39582.
Notes: (A) Relapse-free survival (RFS) by low and high CDCé expression; (B) RFS by low and high CDC45 expression; (C) RFS by low and high ORCé expression; (D)
overall survival (OS) by low and high CDCé expression; (E) OS by low and high CDC45 expression. The p-values were computed by the log-rank test.
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Table 5 Correlations Between Gene (CDC6, CDC45 and ORC6) Expression and Pathology Parameters of CRC Specimens in
GSE39582 Dataset

Risk Factors Univariate Analysis Multivariate Analysis

HR P-value 95% ClI HR P-value 95% CI
CDC6 expression 0.391 < 0.001 0.272-0.563 0.581 0.002 0.414-0.815
CDC45 expression 0.522 < 0.001 0.376-0.724 0.711 0.041 0.512-0.987
ORC6 expression 0.671 0.0168 0.484-0.931 0.692 0.0268 0.500-0.959
TNM stage (I/1l, HI/IV) 2.325 < 0.001 1.666—3.245 10.75 <0.001 4.695-24.39
Lymph node metastasis (NO, N1/N2) 2.444 < 0.001 1.697-3.520 5.486 <0.001 2.613-11.516
Invasion depth (T1/T2, T3/T4) 2.259 0.0040 1.297-3.933 4.065 0.006 1.499-10.99
Distant metastasis (M0, MI) 2.033 0.1311 0.809-5.105

Table 6 Correlations Between IncRNA SNHG7 Expression and Pathology Parameters of CRC Specimens in TCGA

Risk Factors Univariate Analysis Multivariate Analysis
HR P-value 95% CI HR P-value 95% CI

SNHG?7 expression 1.632 0.0066 1.146-2.325 1.493 0.0030 1.039-2.145
Distant metastasis (M0, MI) 9.232 < 0.001 5.196-16.40 2.833 <0.001 1.815-4.405
TNM stage (I/Il, 1I/IV) 2.861 0.0198 1.988—4.116 2.042 0.001 1.336-3.121
Lymph node metastasis (NO, N1/N2) 2.806 < 0.001 1.953—4.032 0.588

Tumor invasion depth (T1/T2, T3/T4) 2014 0.0027 1.274-3.183 0.180

Discussion prognostic value in patient with CRC, CDC6, CDC45, ORC6

In the present study, we identified the significantly differen- and SNHG7 were selected for further study. Kaplan-Meier
tially expressed mRNAs and IncRNAs in CRC by using analysis and further univariates Cox regression analysis
GSES8671, GSE21510, GSE32323, GSE39582 and TCGA  revealed that CDC6, CDC45, ORC6 and SNHG7 were asso-
database. After analysis, 519 common DEGs and 485 DELs  ciated with the OS or RFS of patient with CRC and might be
were screened. GO and KEGG pathway analyses showed the independent prognosis biomarkers for CRC patients.
that DEGs were associated with CRC progression. Our analysis indicated that the dysregulated DEGs
According to the GO analysis, DEGs were enriched in cell ~ were significantly enriched in cell cycle. Cancer is char-
division, mitotic nuclear division, protein binding, chemo-  acterized by deregulated proliferative signaling resulting
kine activity, spindle and condensed chromosome kineto- from aberrant cell cycle activity. Therefore, cell cycle
chore. Pathway analyses revealed that the DEGs were regulators have been considered as potential targets for
mainly involved in cell cycle, mineral absorption, DNA  cancer therapy.** CDC6, CDC45, and ORC6 are three
replication, nitrogen metabolism, proximal tubule bicarbo- DEGs involved in cell cycle regulation.

nate reclamation, hematopoietic cell lineage and ribosome CDC6 functions as a regulator at the early steps of DNA
biogenesis in eukaryotes. Given their important roles in the  replication. It localizes in the nucleus during cell cycle Gl
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Figure 7 Validation of the differentially expressed genes in 198 CRC and individual-matched adjacent mucosa samples.
Notes: CDCé6 (A), CDC45 (B), ORC6 (C) and IncRNA SNHG7 (D) expression levels in CRC samples were significantly higher than those in adjacent mucosa samples.
*#+P<0.001.
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Figure 9 Positive correlation between the IncRNA SNHG7 levels and the CDCé (A), CDC45 (B) and ORC6 (C) levels in 198 matched-tissues of CRC patients.

and translocates to the cytoplasm at the beginning of S phase.
The subcellular translocation of this protein during cell cycle
is regulated through phosphorylation by Cdks.*> CDC6 dys-
regulated is associated with many types of human malignan-
cies including breast cancer,”® prostate cancer,”’ ovarian
cancer™ as well as lung cancer” and osteosarcoma.” In
addition, CDC6 may be a promising target for overcoming
CDDP resistance in bladder cancer,®' oxaliplatin resistance
for CRC*? and paclitaxel resistance for gastric cancer.”*

As a DNA replication initiation factor, Cdc45 directly
interacts with MCM?7 and DNA polymerase alpha in the
assembly of the highly conserved multiprotein complex that
includes Cdc6/Cdc18, the MCMs, and DNA polymerase; the
assembly of the complex is essential for the initiation of
eukaryotic DNA replication.”® > CDC45 might be the target
of miR-34a and a potential therapeutic target of CRC.* In

non-small cell lung cancer (NSCLC), downregulation of
CDC45 induced G2/M phase cell cycle arrest and inhibited
cell proliferation both in vitro and in vivo, which might act as
an oncogene in NSCLC >’

ORC6 is one of the six subunits of the ORC, which
includes a core complex consisting of ORC2, ORC3, ORC4,
and ORCS, loosely interacting with ORC6 and ORCI
Reduction of ORC6 expression sensitizes human colon cancer
cells to 5-fluorouracil and cisplatin. ORC6 may be a potential
novel target for future anti-cancer therapy in colon cancer.*®

LncRNAs, which comprise more than 200 nucleotides in
length and lack a significant open reading frame, have been
reported to act as critical factors in cancer development and
progression.®” Our studies also identified differentially
expressed IncRNAs in CRC based on gene expression profil-
ing and focused on the IncRNAs SNHG?7 for further analysis.
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Figure 10 ROC analysis to analyze the ability of SNHG7, CDC6, CDC45 and
ORC6 expression to distinguish CRC from benign disease.

SNHG?7 is located on chromosome 9q34.3, with a length of
2157 bp, which has been known to be upregulated in several
cancers. LncRNA-SNHG?7 acts as a ceRNA for miR-193b
and attenuates the inhibitory effect of miR-193b on FAIM2,
which promotes the proliferation, migration and invasion,
and inhibits apoptosis of lung cancer cells.*®* LncRNA-
SNHG?7 also regulates proliferation, apoptosis, and invasion
of bladder cancer cells,*” gastric cancer cells,*' and esopha-
geal cancer cells.*” In osteosarcoma, SNHG7 promotes the
tumor growth and epithelial-to-mesenchymal transition by
miR-34a.** SNHG?7 promotes the proliferation, migration,
and invasion of glioblastoma cells through inhibition of
miR-5095 and concomitant activation of Wnt/B-catenin sig-
naling pathway.** It accelerates prostate cancer proliferation
and cell cycle progression through cyclin D1 by sponging
miR-503.* In addition, recent studies have revealed that
SNHG7 played a major role in CRC. Long non-coding RNA-
SNHG7 acted as a target for miR-34a to increase the
GALNT7 level*® and sponged miR-216b to upregulate
GALNT1* in CRC.

According to the functional analysis and prognostic
value, we chose CDC6, CDC45, ORC6 and SNHG7 to
conduct real-time PCR in 198 paired CRC and adjacent
mucosa samples. Results revealed that these genes levels

in cancerous tissues were significantly higher than non-

cancer samples and correlated with CRC T/N/M stage. In
addition, the level of SNHG7 was positively correlated
with the CDC6, CDC45 and ORC6 mRNA. These implied
that SNHG7 might affect the cell cycle of CRC by reg-
ulating the expression of CDC6, CDC45 or ORC6.
However, we do not have prognostic data for CRC sam-
ples, and the prognostic impact of CDC6, CDC45, ORC6
and SNHG7 on colorectal cancer was not verified in our
samples. In addition, the expressions of CDC6, CDC45
and ORC6 were higher in cancerous samples than adjacent
mucosa samples, but patients with CDC6, CDC45 or
ORC6 low expression in the tumor samples had worse
prognostic. These genes might play different roles at dif-
ferent stages of CRC.***° They might act as oncogenes in
the early stage but have suppressor effects on cancer in the
advanced stage.

Conclusion

We identified 519 DEGs and 485 DELs as candidate bio-
markers for the diagnosis of CRC by gene expression profile
analysis. Further study revealed that CDC6, CDC45, ORC6
and SNHG7 were up-regulated in CRC and could be the
independent prognosis factors for CRC. These results
implied that these four genes might involve with CRC
initiation and progression and could be explored as potential
diagnosis, therapeutic and prognostic targets for CRC.
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